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Surgical access devices for sealing an incision and 
providing a sealed aeceu pon for surgical i iB li u me nu are 
disclosed. In one embodiment, a flexible skin seal (45) is 
fined with one or more balloons (49. 50) in the inner bore 
(47). These baUoons can be inflated after the skin seat 
is tnsened into an indslon in the abdomeiL The baUoons 
are soft and pUakde and can coifonn to die instiumentt 
at diey ait moved during use. Bodi conveationai surgical 
instmmenti and lapsrosoopic instruments may be inserted 
into die body through die baOoons widwut disrupting die 
seal oeatad by die balloons. In another embodhnent. die 
skin seal may be provided widi a balloon membrane diat 
expands into a dumbbeU, dog bone, or bow tie shaped 
balloon which pinches die skin between opposite ends of 
the dumbbelL 
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1 

DESCMPTION 

SKIN SEAL WITH INFLATABLE MEMBRANE 

Tftchnical Field 

This invention relates to the field of surgical endoscopy, specifically to 
5 imprnvemeBts in skin seals and cannulas. 

Bac^ymund of the Invention 

Surgical endoscopy is a surgical technique of using small diameter long- 
handled tools such as graspers, forceps, scisson, retractors, dissecton, and clamps 
specially designed to be imerted through small incisions in sldn (or other 

10 openings in die body) to perform operations within the body. The surgeon 
performing the surgery often caimot see the operation direcdy, and must watch the 
procedure on a video monitor which receives video image signals from an 
endoscopic camera or endoscope. Endoscqric surgery replaces open surgery, which 
requires large incisions, essentially opening the body cavity completely, in order to 

15 perform surgery deep within the body. Endoscopic techniques have been used for 
gall stone removal, gall bladder removal, hernia repair, omior removal, lymph node 
removal and qjpendectomy and many other operatiras. Endoscopic surgery is also 
caUed laparoscopic surgery, video assisted surgery, nunimaUy inrasive surges 
band-aid surgery, but duoughout this specification the term endoscopic surgery or 

20 laparoscopic surgery will be used. 

To illustrate the background of the iirveotions described below, the exanq>le 
of the laparoscopic cholecystectomy, hernia repair or lymphadeoectomy, as well as 
the operation for harvesting a blood vessel, wiU be used to iUnstnte bodi die old 
laparoscopic procedures axxl die new Iqaroscopic procedures now possible with the 

25 new devices. In the old procedure, a working space was created m die abdomen 
using the process called pneumoperitoiKum or msufflatioiL Insufflation is the 
process of injecting gas into die body to blow it up like a baUoon, creating a space 
fdledwidigas. When performed on dse abdomen, die peritt>neum is insufflated and 



PCr/US9M7220 



2 

the procedure is known as pneumopcritonBum. The pioceduxe can be used for 
imufn^tjpg a space between the peritoneum and the sldn to pennit laparoscopic 
bemia itpair. as iUustraicd m U.S. Patent No. 5.496.345 to Kieturalds et al.. 
entitled, "An Expansible Tunneling Appanrtus for Creating an Anatomic Working 
5 Space/ Insufflation can also be used to inflate a oumd shq^ working 

a blood vessel to facilitate blood vessel harvesting, as described in commonly 
assigned U.S. Patent Application Serial No. 08/267.484. entitled "Extraluminal 
Balloon Dissection Apparanis and Method," the disclosure of which is hereby 
incorporated by reference in its entirely. While the spKC is filled with gas. the 

10 surgeon inserts long slender l^woscopic tools through ttocars and cannulas which 
pierce the sldn and provide access pom into dse insufflated space. 

Fof aMnT"»"«^ surgery such as a cholecystectomy (gall bladder removal) . the 
insufflation is accomplished by the following procedure. An incision is made at die 
lower edge of the belly button or umbilicus. The surgeon uses his fingers or a bhint 

15 dissection tool such as a bhmt nosed obmrator to uncover the ftscia or abdominal 
muscles, then a large isedle referred to as a Verres needle is inserted into the 
abdomen or peritoneal cavity. The Verres needle punctures the fucia and 
peritoneum which cover die abdomen. A pressurized gas such as CO^ is injected 
into the abdomen through die needle, in effect inflating die abdomen like a balloon. 

20 After die abdomen is iisufflated. the Verres needle is removed. After die needle 
is removed, trocars and cannulas are inserted uito die space created by die 
insufflation. Endoscopic jiKm^^n** inchiding an endoscope or l apa ro scope, 
scissOTS. graziers, etc.. are niserted mto d» abdomen dvough die canmlas and 
manipulaied to dissect tissue surrounding die gaU bladder, remove die gall bladder. 

25 and stitch die internal wounds. 

To harvest the sapheiXMS vein using taparoscopic procedures, the surgeon 
may insufflate a tunnel shaped work ^»ce created over a bloodvessel. ThetumiBl 
is first created using obturators or tunneling devices or balloons inserted dirough 
mall incisions along or over the saphenous veirt After the tunnd is created, the 

30 surgeon may insert skin seals and canmlas. and insufflation gas is injected dirou^ 
one of die trocars. White die omnel is insufflated, die canmdas permit dK surgeon 
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to inseit laparoscopic ifistniments into the tuimel to perform surgery on the 
saphenous vein. 

The cannula used in the procedures described above is a length of rigid tube. 
The trocars and cannula are designed to allow laparoscopic instruments to pass 
5 through them and prevent gas from ^^giifig the abdomen or other insufflated work 
space. The cannula may have a flq>per valve or a trunq)et valve inside which opens 
to allow an endoscope or laparoscope or odier instrument to pass through, and 
closes when the laparoscope is removed. Some trxar/cammla devices also contain 
a duckbill valve to assist in sealing die trocar. The cannulas are ^ically about 6 

10 uKhes or IS centnneten long, and come in diameters matching various laparoscopic 
devices, generally from 2 to IS mm. 

Sotne surgeons use bare cannulas, secured only by a tight fit with the skin 
and fascia. However, cannulas frequently slip out of the body during use, 
disrupting the procedure and possibly endangering the patient To prevent this 

IS danger, surgeons have devised a variety of methods to secure the cannula to die 
body and prevent it from slii^ing out of the body. Some cannulas are provided 
with threaded sleeves, fixed to the cannula. Some cannulas are provided widi a 
threaded gripper with a smooth inner bore which matches the size of the cannula, 
so that the cannula can slide mside the gripper as shown in Fig. 2. The grqiper 

20 stabilizes the cannula so that it will not slip out of the body inadvertently, but can 
be easily removed when the surgeon wants. The dutaded gripper is simply screwed 
into the incision in the skin. This opdon permits the ready insertion and removal 
of smooth waOed cannulas by sUding diem nxto and out of the gripper. Odier 
grippen have been used, such as a gripper with expandable aims, a gripper with an 

2S inflatable balloon on die outside, and the Hasson cannula. These devices are 
Ulustnted m Oshinsky, et al., Laparoscopic Entiy and Exit, reprinted in Urologic 
L^woscopy at 91*101 (Das & Crawford ed. 1994). These devices are variously 
referred to as threaded skin seals, screw skin seals, skm anchors, obmxaton, 
grippen, trocar siabilizen or cannula stabilizers. 

30 The surgeon usually needs to place several trocars and cannulas nito die 

abdomen, and insere as many as needed to aocon^lisb the innmded operation. The 
first canmila placed dirough die belly button is used to insert a kq>an>scope so diat 
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the placezDCDt of other trocan and rj«wi»>fl< can be viewed firom inside the abdomen. 
After several cannulas are in place, the surgeon can view the procedure throu^ Bxsy 
port, and can insert laparoscopic scissors, cuners and gxaspers and other toob 
through d)e cannulas in order to perform the surgery. The typical endoscopic 
S graspers 3 used for sdtching hiskk dse abdomen are shown, dqiloyed inside the 
cannulas, in Fig. 2. A bare cannula 4 is used widi endoscopic graqsers 3a. 
AnoOer pair of laparoscopic gnspm 3b is mserted into a cannula 4a which is 
inserted through a threaded grqyper S. A diird cannula 6, shown with a threaded 
outer surfsice, is provided for an endoscope 34 which is inserted mto die work space 

10 to provide the surgeon with a video view of the graspen 3 and body tissue. 

The diameter of the cannulas keeps the incisions small, and the 
matching diameter of the laparoscopic instruments is necessary to prevent leakage 
of the insufiOation gas from die abdomen, Laparoscopic instruments of various 
^ij ng are available, and they generally are about 5 to 12 mm in dianner (to 

15 match the inside bore of die cannulas) and about 10 to 40 cm in length. They are 
long and therefore difficult to use, and diey are usually used when the surgeon can 
see diem only dirough die laparoscope* Modem laparoscopic procedures require die 
surgeon to view the procedure on a vkleo monitor. It may take a surgeon a lot of 
practice before comfortable and skillAii wxdi die l a p aro s c opic graspers, 

20 grippers and scissors. These tools are more difficult to use than the surgical tools 
which every surgeon uses in oDrmal surgery, such as diose shown in Fig. 3, in use 
during open laparotmy. The ncHmal graspen are shown in use while the surgeon 
is tying off a suture 9. This normal procedure is familiar to a large number of 
surgeons. The normal surgical graspers 7a and 7b are shown in use ui Fig. 3, 

25 sumring body tissue 8 widi suture 9. It can readily be appreciated diat die 
laparoscopic graspen shown in Hg. 2 require significantly more skill than normal 
surgical tools. One of the drawbacks of known cannulas and grippen is diat diey 
are adapted to admit only relatively narrow instruments, and are therefore generally 
unsuited for use with surgical tools designed for open procedures. 

30 It would be advantageous to use convendooal surgical tools during 

laparoscopic procedures, but this is usuaUy not permitted by die qrpical const^^ 
of the trocan and gawniiiaa which are too narrow, long and rigid to permit passage 
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of the convendoaal surgical tools. Most surgeons are very well traiDed in using 
convemionat non-endoscopic instrumeniSt such as the open-incision graspen shown 
in Fig. 3, and nunierous procedures involving the graspers such as tyiiig off a sunn 
are well known and well practiced. The endoscopic instrunsents shown in Fig. 2, 
5 on the other hand« are not weU known and well pra ct iced, and generally require 
significantly more skill than die more fiuniliar convendonal open-incision 
instruments. Thus, ibext is a need to provide cannulas and grinds which would 
accommodate instruments used in open incision procedures. 

Disclosure of the Invention 

10 In a typical endoscopic or laparoscopic operation, a surgeon creates a 

working space inside the body through insufflation. To create die working space 
for abdominal surgery, the surgeon makes a small incision at, for example, the 
inferior margin of the umbilicus 1 as shown in Fig. 1, and then uses his fillers or 
a dissecting tool such as a bhint nosed obturator to prepare a point of injection. The 

15 surgeon then inserts a Verres needle 2 into the abdominal cavity, and causes a 
pressurized gas such as CO} to flow through the needle 2 and into the abdominal 
cavity. This inflates die abdomen as shown in Fig. 1 and provides a working space 
for the surgeon. The needle may then be removed, and a canimla or trocar/cannula 
combmation may be inserted into die incisioiL Additional incisions may also be 

20 made, and the first itKision may be used to insert a Iqwoscope to assist in the 
placement of the other incisions. Tlie additional incisicHis may each receive a 
cannula, and once several cannulas are in place the surgeon can view the procedure, 
and/or insm laparoscopic scissors, cutten, graspers or odier tools through any of 
tte cannulas. 

25 As mentioned above, the trocan and cannulas can be used in eiKloscopic 

blood vessel surgery, laparoscopic cholecystectomy and laparoscopic hernia repairs 
where a woridug ^ace is created under die skin. In the blood vessel harvesting 
operation where die saphenous vein is to be removed, a surgeon creates a tunnel 
between two small iiKisions over die saphenous vein. Then a cannula and skin seal 

30 are inserted into each incision. The nmnel is insufflated dnough one of die 
cannulas. In these procedures, the laparoscopic instruments are also inserted into 
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the working space through the cannulas, and the surgeon can watch the surgery 
through a laparoscope inserted through the one of the cannulas. 

Hie devices presented herein allow fn* use of normal surgical tools (such as 
the forceps and scisson used in open-incision surgery) in laparoscopic procedures. 
5 The skin seal is fitted with one or more balloons on Ae inner bore. These balloons 
can be inflated after the skin seal is inserted into die incision in die abdomen. 
Placement of die skin seal can be accomplished as usual , wiA die aid of a blum or 
sharp trocar or cannubi placed widiin die dueaded skin seal. The direaded skin seal 
can be made of rigid pbsdc, as is customary, or preferably it may be made of soft 

10 and pliable material such as latex or silicone rubber. When die dutaded skin seal 
is in place, die trocar may be removed and die balloon may be inflated undl it 
expands to fill die inner bore of die direaded skin seal, thus sealing die bore to 
maintain die pressure created inside die abdomen widi die insu£Qation gas. The 
balloons are soft and pliable and can conform around the dements of the instruments 

IS as they are moved about during use. Thus, normal or conventional surgical 
instruments may be passed between die baDoons. Both normal surgical instruments 
and l^aroscopic iostruments may be inserted into the body through the balloons 
without disnzpting the seal created by the balloons. The ballocm is soft and pliable 
so that normal surgical tools may be operated inside the inflated balloon segments 

20 and the balloon segments wiU not handier the operation of the tool to a si g nific a ni 
degree. The skin seal may be provided widi a balloon membrane diat expands 
outskte die hnnen of die skin sed m create a dumbbeU, dog bone or bow de shaped 
baUora whidi pind» die skin and, when necessary , fills die hnnen in die ski^ 

Mm dian one tool may be inserted dirou^ a sbgle skin seal because die 

25 biUoons are suffidendy pliable and may be mflated to a lesser dqree. In dds 
maimer, normal surgical mstnmients may be used m b^aniscopic proceA 
advainage of die faa diat they are easier to use arid more surgeons know how to use 
diem, compared to die long laparoscopic uistruments. The balloon filled ddn seal 
may be used also as a seal for laparoso^ic incisions which are no longer necessary 

30 or which die surgeon desires to phig tenqxirarily while still leavitig a skin seal in 
place fot later use. 
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Brief Descriorion of Drawings 

Fig. 1 is an external view of the insufflated abdcnnen of a patienL 

Fig. 2 is a cross-section of the insufflated abdomen of a patient with several 

trocars, cannulas and laparoscopic insonunents in place for a laparosc(q>ic procedure. 
S Fig. 3 is a view of an open laparotomy procedure using nonnal surgical 

forceps. 

Fig. 4 is an exploded view of cannula with an inflatable baUoon inside. 
Fig. 5 is a cross-sectional view of the cannula with the inflatable balloon 

inside. 

10 Figs . 6 » 6a and 6b are cross-sectional views of the cannula with the inflatable 

balloon shown in its inflated state. 

Figs. 7 through 7c are end views, from the proximal end* of the cannula 
with inflatable balloon inside. 

Figs. 8 shows a pair of skin seals with the balloons mside with a normal 
IS surgical instnnnem inserted through the balloons, deployed in the manner of 
intended use. 

Fig. 9 shows a bhmt obturator suited for use widi die skin seal. 

Fig. 10 shows a sharp trocar type obturator or suitabk for use with the skin 

seal. 

20 Fig. 11 shows the blunt obturator Inserted hi the skin seal. 

Fig. 12 shows a skin seal widi balloons which «qiand outside the hmien of 
the skin seal. 

Fig. 13 is a cross-section of the skin seal with outer balloon. 
Fig. 14 shows an alternate embodnnent of a skin seal widi balloons which 
expand outside dK hnnen of the skm seal. 

Fig. 15 shows an exploded view of the skin seal with butterfly-shaped 
balloon membranes. 

Fig. 16 shows the skin seal with outer baUoon prepared fbrioaertionmto an 
incision. 

Figs. 17 dtfough 17b show a skin seal with outer balloon inserted into an 
incision. 

Fig. 18 shows an alternate embodiment of the skin seal. 
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R«t Mndc for Carrying Out the Invention 

The «ifiwiiia< and grippeis described below allow for use of normal surgical 
picfniT Tigfitt in laparoscopic surgical jmceduies. In the context of this invention, 
the terms *cammla/ "skin seal," and 'gripper' are used substantially 
S interchangeably. The typical gripper configuration is modified by adding a balloon 
or inflatable membrane to the hmer bore of the gripper and adding an mflation port 
to the wall of the gripper to allow for inflation of the balloon. When the balloon 
is inflated, it closes off the inner bore of the gripper so that it provides an air-tight 
seal during insufflation. The balloon is pliable so that tools can be inserted through 

10 die inner bore of die balloon and die balloon expands around die surgical tool to 
mamtain die seal widi litde or no leakage of msufQation gas. 

Referring to Fig. 4, die dueaded skm seal lOhasambe 11 widiagenerally 
conical or frustum outer sh^ with screw dueads 12 provided on die outer surface 
13. The inner bore 14 is conical or funnel-shq>ed, conforming generally to die 

IS outer shape. (>eraU, die skin seal is funnd-shq)ed, and die proximal end IS of die 
threaded skin seal 10 has a large opening, and the distal or bottrax end 16 has a 
smaller opening. The distal or bottom portion 16 of die dneaded skin seal 10 may 
have a straight or cylindrical bore to provide a tight fit widi c annulas diat have an 
outer diameter matching the inner diameter of diis straight bore. The distal or 

20 bottom portion 16 of die ddn seal 10 may have a straighten cylindrical outer shape 
to make it easier to screw the skin seal 10 into an incision, and this straight section 
may be made of variable lengdi to match die different duckneiw of bt which will 
be eiKOuntered in dififetent patients. The proximal end preferably has a conical 
inner bote to ftcilitate insertion of tools into die opening and through die cannula, 

2S but die inner bore may be straight The proximal end may also be described as 
flared, and may be gradually flared in rdadon to die distal eod, as diough trumpet 
shaped, or may flared in discrete feshion as in a typical fimnel, widi a strai^ tube 
at distal end and a conical segment at the proximal end. Tbe screw dneads 12 
constimte a fastening means, and may be replaced with other fastening means such 

30 as a circumferentially ribbed outer contour or a longitudinally grooved outer 
contour. As shown, a flange 19 may be provided on the proximal end of die sldn 
seal 10 for ease of handling. The flange 19 also provides a convenient means for 
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mounting.the bellows onto the skin seal 10. The skin seal is pitfeiably 1 to 3 
inches, or about 2 to 8 centimeters, long. 

A balloon membrane 20 has a generally conical or frustum ibapt matching 
the inner bore of the threaded skin seal 10 and having the same overall length as the 
5 threaded skin seal 10. The balloon membrane 20 fits inside the threaded skin seal 
10 and is sealed to the skin seal funnel at die tqyper edge and lower edge of the 
balloon membrane. The balloon membrane 20 may be shorter than the skin seal 10, 
and may be sealed to the inner surfiaoe of ttie skin seal 10 at points inside the skin 
seal 10, rather than at the fpwwg^^iate distal and proximal edges of the skin seal 10. 

10 Also, the balloon membrane 20 may be longer dian the skin seal 10 and may be 
cuffed or folded back around the outside of die skin seal 10 at the proximal and 
distal ends, and sealed at the cufis. 

An inflation port 21 is provided comprising a bole in die wall 22 of the 
threaded skin seal 10. An inflation mbe 23 or Luer fitting connects the inflation 

IS port 21 to a suitable pump such as die syringe 24 shown in Fig. 5 or to the squeeze 
bulb 25 shown in Fig. 6. When the syringe 24 is used, the membrane 20 may be 
inflated and deflated repeatedly by pushing and pulling on the syringe plunger 26, 
thus forcing air into the balloon membrane 20 and sucking air out of the balloon 
membrane 20. A one-way valve or stopcock may be used to seal the membrane 20 

20 so that the pump or syringe may be detached frnn the skin seal 10. Alternately, an 
inflation port can be provided at die distal tip of die skin seal, conqnising an open 
airway between the mflatable membrane 20 and the insu£Bated work space. In this 
manner, the insufflation gas enters the skin seal from inside die body to pressurize 
and inflate the inflatt <?^f memlmne. In this manner, an automatic seal is created 

25 upon insertion ofthe skin seal into the insufiHated space. This simplifies placement 
and use of the skin seal because there is no need for a sqnrate syringe or pump to 
inflate the membrane. 

In die prefe rre d embodnnent, die bladder 20 is made of bioc<»QpatibIe 
elastomeric or elastic material such as latex, silicone rubber or any odier suitable 

30 conqiliant or mflatable material. The skin seal 10 is made of rigid or flexible 
material, soft or hard plastic, high density <x km density polyediylene. 
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polypropylene, thick latex, silicooe rubber or aiiy otber suitable material including 
plastic, elastic or oonelastic biocmipatible material. 

As shown in Figs. 4 and S, the inflatable sidn seal may be constructed by 
applying an elastic cylindrical or conical balloon membrane 20 to the ioner bore of 
S sldnsesl lOandsealingtfaedistalendof the balloon 20 to the distal end of the skin 
seal and sealing the proximal end of the balloon to the proximal end of the skin seal , 
thereby creating an inflatable space between the skin seal cannula 10 and the 
membrane 20. Altenativeiy, a fully formed balloon bladder, comprising inner and 
outer conical membnues sealed to each other at Aeir distal and proximal ends, can 

10 be provided and fixed to the inner bore of the cannula. The overall shspe of the 
balloon will be conical, ftmnel shaped or flared to match the shape of the inside of 
the skin seal 10. While one balloon is depicted in each of the Figs., two or more 
balloons may be used to guard against the possibiliQf of ropture and loss of 
insufflation pressure during an operation, or to focilitate manufacture, or to facilitate 

IS use of die skin seal with particular tools. A membrane seal may provided at any 
cross-sectional plane within the skin seal 10 to guard against loss of insufflation 
pressure. 

Fig. 6 shows the inflatable skin seal 10 with the membrane 20 in its inflated 
condition. The squeeze bulb 25 is used to force air into die space between the 

20 bladder 20 and the wall of die skin seal 10. causing die membnme 20 to inflate 
within die skm seal 10. Hie inflated membrane 20 can be inflated until it 
completely obstructs die inner bore of die skin seal 10 and provides an air-tight seal 
betweendiedisialandpfoximalendsof die skin seal 10. The skin seal or cannula 
10 can be diin walled and flexible enough to expand as wdl, dierdyy fkirther 

25 unproving the seal between die skin seal 10 and die incisknt As shown in Hg. 6a, 
die membrane 20 need not extend for die fbU lengdi of die skin seal 10, but may 
instead be sealed to die inner bore at various points inskle die skin seal 10. Tlie 
skin seal 10 hi Hg. 6a has a baUoon 20 only in Jbt corneal umer bore of die 
proximal section of d» skin seal 10»anddiis£acilitatesuseof graspers, scissors and 

30 odier such uistnmients which might pinch die balloon 20 when operated, or 
unnecessarily reduce die internal diameter of die narrowest portion of d» cannula. 
As shown in Fig. 6b, die waU of die skin seal 10 may be made flexible enough to 
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expand outwardly when the sidn seal 10 is inflated, so that ai^ gaps or looseness 
in the seal between the outside of the skin seal 10 and the incision are closed by the 
expansion of die outer wall 22 of die skin seal 10. 

Fig. 7 shows the view of die inflated membrane viewed from the proximal 
5 end of die skin seal 10. The membrane nanirally bulges in two or more radial 
sections or segments 27 to fill die hmien of die skin seal 10. The expansion of tte 
balloon sections 27 need not be controlled, but may be controlled to facilitate 
operation of graspers or other hinged and puiching topis. For example, die 
a^lication of restrictors, comprised of diickened strips along the lengdi of the 

10 membrane, shown in Fig. 7a, may be applied to die membrane to inhibit expansion 
along the strip. Wire bands, plasdc bands, or a line of adhesive gluing the balloon 
membrane to the skin seal may also be used to prevent expansion of the membrane 
along a longitudinal line of the membrane extending frcHn the proximal end (or near 
the proximal end) to die distal end (or near the distal end) of the funnel. In this 

15 manner, a uniform expansion can be obtained, with the membrane expanding from 
the walls of skin seal 10 to meet along a uniform plane. A pinching tool used in the 
skin seal 10 can be opened and closed along the plane defined by die inflated 
baUoon, and die balloon will pliantly close upon die hm^ but allow the pinching 
tool to open and close widi less chance of pinching and cutting the baUoon. As 

20 shown in Fig. 7b, die inflatable membrane 20 may be placed on die inner bore of 
the skin seal in an eccentric manner, covering only a portion of the inner wall of die 
skin seal. Fig. 7c shows the eccentric inflatable membrane in its inflated state. 

Fig. 8 shows die skin seals 28, 29 and 30 with the balloon membranes 
inflated. Skin seal 28 has the funnel ibapt described above. A pair of normal 

25 surgical scisson such as Metzenbaum scissora 31 is inserted through one skin seal 
28 and a pair of normal surgical graspers 7 (examples inchide Kelly clanqis, Kelly 
placenta forceps, and Mayo danqis) is insetted duough die skin seal cannula 29 to 
perform operations beyond die distal tip of die cannula. The skin seab are shown 
screwed into incisions dirough skin 32 and subcutaiKOus fat 33, and diey may also 

30 extend dirough die peritoneum or odier tissue when appropriate to die operation. 
An endoscope or laparoscope 34 which can be inserted dirough one skin seal to 
provide a view of die procedure is shown in die central skin seal 30. Because die 
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balloon is. pliable and confonns around any device within the skin seal, the graspers 
7 may be manipulated inside the cannula without breaking tte As 
the graspers 7 are manipulated, the membrane conforms around graspers 7 but 
yields to allow the graspers 7 to be opened, closed, twisted, pushed, and pulled 
5 within the skin seal without substantially degrading the seal created by the 
membrane. It should be noted that a perfectly air-tight seal is not necessary, and 
some leakage of insufflation gas or fluid is acceptable* so long as insufflation gas 
or fluid can be injected at a rate sufficwnt to make up for any loses. Where the 
skin seal itself is made of a soft pliant material such as latex rubber or silicone 

10 rubber, the forceps may be manipulated even further, and defonnation of the skin 
seal28 will permit a wuter range of motion for the forceps. Skin seal 28 is shown 
with a pair of conventional surgical scissors 33 or shears disposed through the skin 
seal. The scissors may be opened wide, as shown, and the distil or proximal end 
of the skin seal will yield and flare out to allow operation of the scissors duough 

15 their fiall range of motion and opened through the full throw (the 'throw' refening 
to die length of are 33 over which die graspers or sdsson may be opened) of 
scissors 33 or graven, as illustrated by flared distal portion 36 of skin seal 28. 

It will be readily ^preciated diat such operation would not be possible using 
standard cannulas. Normal surgical tools are much easier to use than the long 

20 laparoscopic instruments shown in Fig. 2. Also, the tools can be much larger, and 
have much larger operating unplements. For example, the cutting edges of scissors 
31 are much longer that cutting edges on laparoscopic scissors, and can cut nnich 
more quickly. A common mediod of dissecting tissue with conventional scissors is 
to pierce connective tissue with the closed scissors and open the scissors, operating 

23 die scissors in backwards fashion, so that the dull outer edges of the scisson pull 
connective tissue apart This can be done very quickly using die skin seals 29 and 
30, as compared to slow and tedious snipping required wfaenusmg long laparoscopic 
instruments. 

Placement of the skin seals may be facilitated with die special bhint 
30 obonators shown in Figs. 9, 10 and 11. The bhmt oboirator 37 provides support 
for die skin seal as it is pushed and screwed into die incision. The blunt obturator 
comprises a peg 38 widi an outer contour which matches die inner bore of die skin 
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seal, a bandle 39 a finger gap 40. and a blunt tip 41. The tip may be bhint and 
rounded, or it may be sharp and pointed, as ilhisnted by the sharp pointed trocar 
type tip 42 in Fig. 10, in which case the sharp point 42 can puncmre body tissue. 
The obturator is placed inside the sidn seal as shown in Fig. 11, and the assembly 
S is screwed into the body as a unit After the skin seal is in place, the obturator is 
removed to allow insertion of odier devices into the sldn seal. The finger gap 40 
leaves some space for the surgeon to push against the flange of the skin seal while 
pulling the handle 39, thus avoiding the possibili^ that the sUn seal will be pulled 
out of the body with the obuirattxr 37. Because the obturator 37 fits tigbdy inside 

10 the skin seal to give it support during msertion, it may inadvertently become sealed 
to die inside of the skin seal, e^)ecially if there is ai^ leakage of body fluids or 
water into the skin seal. Any excessive force required to pull out the oboirator 
could result in pulling the screw skm seal out of Ae skin incision. To prevent the 
need for such excessive force, the portion of the obturator which fits nsskle the skin 

15 seal may be provided with vacuum breakers in the form of scored lines or channels 
43, circumferential grooves 44, or a roughened surface, to prevem a vacuum from 
forming between the sldn seal mflatable membrane. The scoring or roughening may 
take any form. 

Fig. 12 shows another embodiment of the skin seal in which the balloon is 
20 enlarged so that it expands outside the lumen of the skin seal. The skin seal 43 
shown in Fig. 12 inchides a dumbbell shaped balloon 46. The shape of the balloon 
may variously be described dog bone, bow tie, dumbbeO or butterfly shaped. The 
balloon 46 has a hmien 47 extending through the baUoon, and can be provided with 
a rigid cannula segment or stiffener mbe 48 disposed within the balloon 46. The 
25 stiffener mbe 48 need only be stiff enough to provide s«q>port for die balloon 46 
during placement, so it is stiff ui relation u> the balloon membrane, but may in fiict 
be very ftexible, and can be made of aiqr plastic or elastic material or odier 
materials suitable for the balloon membrane. 

The balloon 46 may be formed by sealing togedier an inner balloon tube 49 
30 and an outer balloon membrane SO. An mflation port 51 is provkied on the outer 
dumbbell portMu, but may also be provided on die middle portion 52 or even die 
inner dumbbell. If inflated by insufflation, an inflation port may be provided on the 
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inner dumbbell in fonn of a simpk airway provided in the inner dumbbell wbkh 
allows insufflation gas to enter the balloon 46 from the msofiDaied space. In diis 
manner, die oeed for a separate source of mfladon gas or fluid is avoided. 

The outer balloon membrane 50 may be made of two or more pieces to 
5 create ai9 desired outer shape. As shown in Fig. 13, die outer bafloon membrane 
50 has an oval outer shape ^itei inflated. The balloon may be provided with any 
other useful shape, and may be round or toroidal, or oval as shown. The balloon 
is formed of two pieces 53 and 54 which are heat sealed or sealed with adhesive 
along die seam 55. Fig. 13 also ilhisoates diat die inner baUoon dibe 49 fits inside 

10 die lumen of die sdfiener tube 48 while die outer baUoon membrane 50 surrounds 
diesdffenernibe48. Fig. 15 shows an ejqploded view of d» device, widi butterfly 
shaped balloon membranes 53 and 54, die inner balloon tube 49 extending across 
the "wingspan' or major length of die butterfly shaped membrane, and die stiSener 
tube 48 surrounding dK tubular balloon membrane 49. With the mner balloon tube 

15 49 and the stiffener tube 48 sandwiched between the butterfly shaped balloon 
membranes, die edges of die butterfly shq)ed membranes are sealed togedier and 
die ends of die inner balloon tube 49 are sealed to die edge of die butterfly shaped 
membranes at die middle of die outer edge of die wings* diereby forming a single 
balloon with an overall butterfly shape and a hmien extending across die wingspan. 

20 The balloon can be made of any suitable material, i nc h idi ng polyediylenes, 
polyamide, polyuredianes, latex or silicone rubber. The baUoon may be elastic or 
no&<lastic. The various pieces may be made of different material, for example die 
imgT balloon mbe may be made of an elastic material and die outer balloon 
membranes may be made of ncm-elastic material. 

25 The sdffener lube 48 may be a straight length of ttibe or it may be funnel 

shaped like the screw sldn seals described above. The sdffener tube 48 provides 
columnar sqpport for die device so that it can be pushed through an incision m the 
<Hn The sdfEener tube 48 may be made of any soitabk materiaU inchiding any 
material previously mentioned above and any material previously used for cannulas 

30 andtrocan. The lengdi of die stiffiener tube is chosen to appniximate the diickness 
of die sldn and Ctt layers, and is preferably sli^y shorter dum die diickness of die 
skin and fist layers. The stiffener mbe 48 may be disposed inside die balloon pieces 
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without being sealed in any way to the balloon pieces, or it may be sealed to either 
the inner or outer balloon pieces. 

Use inner balloon Qibe 49 may be sealed along a circumfeftnce of the tube, 
just as the balloon monbrane of Figs. S and 6 is sealed to die dueaded sldn seal, 
5 and it may be sealed to the stiffener ube aloqg one or more longioidinal lines as 
shown in Fig. 7a. The inner balloon mbe 49 may also be provided with diickened 
longitudinal portions, metal or plastic bands, etc., as described with reference to 
Fig. 7a to control mflaiion and encourage inflation toward a uniform plane in the 
center of the hmien. Also, the inner balloon tube 49 may be sealed to the stiffener 

10 mbe 48 at bodi ends of die stiffener mbe 48, as is die balloon membrane of d)e 
threaded skin seal, and inflated through an optional airway 56. The outer balloon 
pieces may be sealed to die outside of the stiffener mbe 48, either by sealing die 
entire intermediate portion to die stiffener tube 48 or by dispensing with the 
intermediate portion and sealing the dumbbell portion of the balloons to the ends 57 

15 and 58 of die stiffener tube 48, as shown in Fig. 14. 

In use, die distal end of the deflated balloon is tucked into or pulled into the 
stiffener mbe 48, as shown in Fig. 16. An obmrator, trocar or canmda 59 is placed 
inside die stiffener mbe 48 to fiicilitaie insertion of die skin seal 45 into an incision. 
The cannula 59 is pushed into ibt incision along widi die skin seal 45 which rides 

20 over the cammla 59. Widi die cannula 59 in the incision, the skin seal 45 can be 
pushed over die cannula 59 and faito the incision. After the skin seal 45 has been 
inserted into ttm incision, the cannula 59 may be removed leaving the skin seal 45 
in place. Then the balloon can be inflated, as shown in Fig. 17. When the balloon 
is inflated, the outer dumbbeU portion 60 is inflated while the iimer dumbbell 

25 portion 61 expands out of die stiffem mbe 48 into the body and inflates to re- 
establish die dumbbell shape. When the balloon is inflated timber, die expanding 
duinbbells daxq) down on skin 32. fat 33 and other tissue is trqyped between the 
inner dumbbell portion 61 and outer dumbbell portions 60. When the balloon is 
inflated, die inner balloon tube 49 tends to collapse and fiD die hnnen 47 or tends 

30 to seal any device, such as the endoscope 34 placed dmxigh die hmien. as shown 
in Fig. 17. A trocar or cammla may be mserted into the body through the lumen 
47 of die skin seal, to allow insertion of laparoscopic instruments dirou^ die 
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cannula, or laparoscopic instnanems and nonnal surgical insmunents may be 
inserted through tte skin seal as shown in Fig. 17a and 17b, where the inner balloon 
tube 49 conforms around the instniments. Fig. 17a shows the same skin seal with 
a pair of nonnal gxaspecs used for open surgery mserted into die body through die 
5 skin seal. Fig. 17b shows die skin seal inflated so diat die inner baUoon tube 49 
conqiletely fills die hmien47 of die skin seal, dms maintaining die insufOation of 
the working space below the skin seal. 

In anodier embodiment, onfy die inside or distal end of die balloon e^qiaiids 
outside die skin seal. As shown in Fig. 18, die stiffener tube is provided widi a 

10 flange 62 on die proximal end. The inner baUoonoibe is sealed to die inside of die 
stiffener mbe at die proximal end of die tube. The outer balloon portion is sealed 
to the outside surface of the stifTener tube. The inner or distal dumbbell portion is 
ejq)anded inside the body, aiKl inflation of the distal dumbbell portion clamps the 
skin and &t between die flange and die distal balloon. When die central lumen is 

IS not occupied by an instrument, die inner balloon tube is collapsed into the central 
lumen by die pressure in the balloon and establishes a seal between the insufflated 
work space and the outside. Hie seal can be supplied in a variety of sizes, with 
StifTener tubes of various sizes to match commercially available trocars, cannula.^ 
and laparoscopic instruments. The size of the balloon and the length of the stiffener 

20 tube can be varied to fit incisions of various sizes required by the many diifeient 
operadons with which die skin seal can be used. The skin seal may be used fbr 
laparoscopic access in any procedure, and can also be used to compress bleeding 
incisions and phtg imrFfdrrt bciskms during laparoscopic surgery. 

The skin seals described above can be used for any endoscopic or 

25 laparoscopic surgery to permit use of conventional surgical instruments i.e., 
ordinary open itKision surgical instruments. While die skin seals described above 
are useflil in procedures requiring insnfilation, they may also be used in odier 
endoscopic or laparoscopic procedures. Theuseof die skin seal in any endoscopic 
or laparoscopic procedures will allow deployment of cnvendonal surgical tools 

30 while protecting die area of die incision ficom trauma caused by the operation of die 
surgical instruments. Where insufflation or flushing is required, die bladder in die 
skin seal may be inflated to prevent undesired flow out of the cannula. Also, 



wo 96/36283 



PCTAIS96Ar7220 



17 

although the skin seal deschbed above has been described in the best known 
embodiments-, fabricated with suitable materials known to the inventors, the 
particular m?^*^^'* and shapes depicted in the illustrations may be altered and 
improved i^on without departing from the inventions as claimed. It is specifically 
S contemplated that the materials be improved upon. Furthermore, aldiough the 
devices have been described in relationship to surgoy requiring insufflation and 
endoscopic or laparoscopic surgery, the claimed devices and methods may be used 
in surgical and non-surgical applications wherever the feanxres of these device and 
methods prove beneficial* 
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1. A device for sealing an incision through one or more layers of body 
tissue and providing access for surgical instruments to be passed into the body 
comprising: 

S a balloon having a distal portion, a proximal portion, an intermediate 

portion between said distal and im>ximal portions, said distal portion having a large 
cross*8ectk}n compared to said intermediate portion, said balloon having an inner 
balloon tube and an outer baUoon mbe defining a lumen which extends through said 
balloon and through which the surgical mstruments can be passed into the body, said 
10 inner balloon mbe and said outer balloon mbe being sealed together at said distal 
and proximal portions of said balloon to form a closed surface which can be 
inflated; 

a tube having proximal and distal ends disposed within said closed 
surface of said balloon, said inner balloon tube extending throu^ said tube and said 
IS outer balloon tube surrounding said mbe, said tube haviqg a length approximately 
equal to a thickness of Ae layers of body tissue to be sealed and a tamen extending 
therethrough; and 

an inflation port communicating wtdi said closed sur&ce of said 

balloon. 

20 2. The device of claim 1 ixterein said outer baUoon tube is comprised 

of two butterfly sbq)ed balloon membranes having outer margins, said butterfly 
shaped balloon membranes being sealed to each other along their outer margins to 
form a butterfly shaped balloon. 

3. The device of claim 1 wherein said distal portion of said balloon has 
23 a large diameter compared to said intermediate portion of said balloon, said 
diameter being sufficient to ensure diat said distal poition of said balloon, when 
inflated, is large enough to cover die incision. 
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4. . The device of claim 1 flinher comprising a flange on said proximal 
end of said tube, said flange being sized and dimensioned to cover the incision. 



5. The device of claim 1 wherein said distal portion of said balloon is 
stored within said hamen of said tube when said balloon is uninflated* said distal 

5 portion of said balloon evertixig and expanding outside said hnnen upon inflation. 

6. A surgical access device comprising: 

a flexible funnel having a large end, a small end, an outer surfiace, 
and an inner bore; 

screw threads on said outer surface of said funnel; 
10 a funnel shaped inflatable membrane secured to said inner bore of 

said funnel to form an airtight chamber between said inner bore of said funnel and 
said inflatable membrane; and 

an inflation port communicating with said airtight chamber. 



7. A sldn seal conqrrising: 

IS a flexible tube having a proximal end, a distal end, and an inner bore, 

said proximal end having a larger outer diameter than said distal end; 

an inflatable membrane secured to said inner bore of said flexible 
mbe, said inflatable membrane having a proximal end of larger diameter than said 
distal end, said inflatable membrane being disposed within said tube widi said 
20 proximal end of said mflatable membrane aligned with said proximal end of said 
mbe and said distal end of said mflatable membrane aligned with said distal end of 
said tube, said mflatable membrane sealed to said mbe; axvl 

an inflation port communicating with said inflatable membrane. 

8. A surgical access device conq>rising: 

25 a flexible mbe having a proximal end and a distal end, said proximal 

end having a larger diameter than said distal end, said tube having an outer surface 
and an inner bore; 
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an inflatable membcane disposed within said inner bore of said 
flexible tube, said inflatable membnuie having a corneal shape and having a 
proximal end and a distal end. said inflatable membrane sealed to said tube; and 

an inflation port commanicating widi said inflatable membrane. 

5 9. The device of claim 8 fkirther comprising screw threads on said 0^ 

surftce of said flexible tube. 

10. The device of claim 8 further comprising a flange on said proximal 
end of said flexible tube. 

11. The device of claim 8 wherein said flexible mbe is made of an 
10 elastomeric material* 

12. The device of claim 8 wherein said flexible tube is made of a 
nonelastic material. 

13. The device of chum 8 ^riierein said inflatabte membrane is di 
only within said proximal end of said flexiUe tube. 
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